A specially designed computerised patient-monitoring system surveys electroencephalogram and cardiovascular variables continuously, as well as up to twelve other variables at timed intervals. Special features include trend recordings, alarms, marking facilities and "suspend" monitoring. The ease of data entry and recall is an advantage.
The use of microcomputers for bedside patient-monitoring in an intensive care unit would seem to offer many advantages. Continuous surveillance of physiological variables would detect any change in the patient's condition before the change is manifested clinically. Early therapeutic intervention would thus be possible. Unfortunately, computer monitoring systems have been expensive and complicated to use, resulting in much user resistance. This paper describes the use of a computer monitoring system specially designed to minimise problems experienced by the staff.
Materials and methods
The system was intended to be mobile to enable patient monitoring at the bedside or at the nurses' central station (Figure 1 ). The microcomputer itself was assembled using an LSI 11 16 bit microprocessor (Digital Equipment Corporation) which has 28K words 
Program
The program was written (by JLB and JDR) in Fortran IV and Macro 11. It allows the computer to scan various patient variables at frequent intervals. Three variables, electroencephalogram (EEG), electrocardiogram (ECG), and blood pressure are monitored directly on-line to the computer. Twelve other variables are semi-on-line, i.e. they require a degree of manual input into the computer. Eight of these variables are usually dedicated to central venous pressure, urine output, temperature, pulmonary capillary wedge pressure, cardiac output, effective lung compliance, airway resistance, and airway pressure.
The VDU normally displays the on-line variables as 10 columns of graphic and numeric data (Figures 2, 3 ). From the viewer's left, the first column ("TIM") denotes running time in minutes. All subsequent columns represent groups of variables measured and recorded at 1 minute intervals. "MK" on the second column is a marker facility. Columns 3 and 4 relate to the EEG waveform and voltage from a single fronto-occipital lead. The technique of compressed spectral array is used for EEG display.l The computer, using Fourier analysis, transforms every 10 seconds of EEG activity into a single spectrum of power (along a vertical scale) versus frequency (a horizontal scale of 2-16 Hz (Figures 2, 3) . A programming technique called hidden line supression 2 prevents spectral traces from crossing over each other.
The remaining columns display cardiovascular variables: ECG tracing, heart
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"7 163 . . . . rate ("RATE"), arterial pressure tracing from a radial artery cannulation ("ARBP"), and digital values for systolic, diastolic and mean arterial pressure, derived from the arterial waveform. If an arterial cannulation has not bt:en carried out, the blood pressure variables may be entered semi-on-line as described below. 
Semi-an-line variables
The semi-on-line variables are recorded automatically by the computer through an input box (Figure 4 ). This oblong box has 12 labelled light-emiting diode displays. Each display indicates a numerical value using the light-emiting diodes. The value can be altered by simply turning a knob on the display, clockwise to increase the value and anticlockwise for a lesser value. The relevant variables are first measured using conventional methods, e.g. central venous pressure manometry and thermodilution cardiac output. Resultant values are then entered into the displays by turning the appropriate knobs correctly. At 12 minute intervals, the computer automatically scans each display and records each reading, subsequently storing it on floppy disk. Any number of on-line or semi-on-line variables can be monitored at anyone time without affecting the program. The input box also houses the three marker buttons and the "suspend monitoring" switch (vide infra).
Special Features 1. Marker facility
Three square coloured buttons sited on the input box and labelled "A", "B" and "c" (Figure 4) , are marker buttons. These buttons are pressed to mark the times of certain therapeutic interventions. (Three can, of course, be specified.)
Suspend monitoring
The suspend monitoring switch ( Figure 4 ) halts monitoring temporarily, allowing procedures such as chest physiotherapy and tracheal suctioning to be performed without causing artefacts to be recorded. While monitoring is suspended the computer programmable clock continues to run so that time sequencing remains fully valid.
Trend alarm
Built into the program is a short-term (8 minute) rolling memory of the on-line variables which is used for the trend alarm. When the computer registers a reading which is greater or less than a specified percentage of the average value over the preceding 8 minutes, an alarm bell sounds and an asterisk ("*") appears beside the offending value ( Figure 3 ).
Page completion
When the VDU becomes full, the screen clears and the values of the last five lines are numerically written at the top of the new page ( Figure 2 ). In this way, the preceding 5 minutes' data is automatically recalled.
Trend patterns
The trend pattern of any variable can be viewed at any time by hitting the return key. A "menu" of trend options then replaces the monitoring page ( Figure 5 ). The variable is then selected by pressing the appropriate key, and the screen will clear to display the trend graphically. For examples, key" 1" will display Anaesthesia and Intensive Care, Vol. X, No. 3, August, 1982 the EEG spectrum, and key "5" will show the blood pressure trends ( Figure 6 ). The user may then hit the "RETURN" key to view the trend menu again, or the "M" key to resume monitoring. Even if the user forgets to resume monitoring, the monitoring page automatically replaces the menu or trend page after 2 minutes. ENrER 
DISCUSSION
The perfect computerised monitoring system has yet to be developed. Commercial systems are available but are expensive, complex, and do not necessarily cater for local requirements of individual intensive care units. Considerable staff training is needed, especially in the input and recall of data which often involve multiple keying procedures. Our system was developed to achieve five goals. These goals were that the system should be: 1. best suited to our needs, 2. easy to use, 3. relatively inexpensive, 4 . compatible with existing monitoring equipment, and 5. capable of control applications.
The physiological variables processed by our system are those commonly monitored in our intensive care unit. With the increasing use of intracranial pressure monitoring, this variable will in future be added to the program. Any number of these variables can be monitored according to the patient's monitoring requirements. It is an important advantage that the program does not require all the variables to be set up in order to start.
The use of compressed spectral array EEG monitoring has been described. ' · 4 In general, a spectrum showing low power and frequency (2-3 Hz, Figure 3 ) signifies a poorer outcome. 3 Our experience with it supports this observation. Unfortunately, we find that it is unreliable in reflecting acute neurological changes. The extremely valuable advantage of detecting sudden hypoxaemia has thus not eventuated. It nevertheless presents EEG activity in a form more easily interpreted, and contributes to the overall assessment of a comatose patient.
The value of reviewing the trend pattern of a variable (such as heart rate) is beyond dispute. Our system enables rapid and easy reviewing of multiple variables. The trend alarm alerts the nurse to any recent change in a variable, and may forewarn her about a developing trend pattern (e.g. falling mean arterial pressure).
Unlike most commerical systems, our computer does not record pathology results. Such results in our unit are written into specific patient "results charts", which are in effect, "flow" charts. To record these results into the computer would entail an additional (complicated) entry procedure, use of extra memory, and would make the program unnecessarily more complex.
Entry and recall of data was especially designed to be easy. Nursing staff adapt rapidly to the input box. Dialling up a number by a knob is far simpler than multiple key entries. In order to view data on the VDU, only two keys need to be remembered ("RETURN" and "M").
Hard copies of any page can be obtained using a graphic plotter, a hardcopier, or polaroid camera. At the end of each patient's monitoring, the floppy disks are replayed on a larger minicomputer (POP 11, Digital Equipment Corporation), to give a more concise and permanent record of all data (Figure 3) .
The cost of the complete system is approximately $8000. It is currently used only to monitor critically ill patients or those in whom recorded data are of particular interest as the cost precludes a second system. The cost is also justified by its other use, that of storing and processing patient data for patient audit purposes. s
